CHAPTER 27
CAPACITIVE REACTANCE

Chapter 24 showed the different effects of inductance in a d.c. and an a.c. circuit. Inductance
only effects a circuit while there is a changing magnetic field. 1n a d.c. inductive circuit, the only oppos-
ition to a steady state current is the cusistance of the circuit. In the capacitive d.c. circuit, there is no
steady state current as the current decraases 1o zero when the capacitor is fully charged. {n an inductive
a.c. circuit, a property called inductive reactance existed in the circuit while current through the inductor
changrd. As theré is no cutreaat in u vapacitor, what would a student expect to happen when the
capacitor is connected to an alinrnaling current supply?

27.1 ELECTRON MOVEMENT IN DIELECTRICS

When a d.c. voltage is appiied to a capacitor and the caparitor becomes charged the orbits of the
electrons around their nuclei are dirtorted,  (Figure 27.1 ).
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If the polarities applied to the capacitor are reversed the electron orbit will distend in the opposite
direction. (Figure 27.2).

Whilss there is 16 actual mavemem of viectrons between the plates of a capacitor there is move-
ment of the electrias within the ortits in the diclectie {Figure 27 2. ‘
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Figure 27.2

When a capacitoer is connected 10 an aliernating curent voltage the reactions that occur in figure
27.2 are proceeding continuously.

27.2 CAPACITIVE REACTANCE

I the resistance of the sornecting wires af a cireuit consisting of a capacitor ard an a.c. supply is
ignored, the only upposition to curtent is the charging and discharging of the capacitor, or the changing of
the orbits of the electrons in the dielectric, The chenging of the electron otbits is a reaction due to the
contirucus reversal of the polarities of the alternating cursem This reaction, or opposition, to atternating
cuTrent is known 35 capacitive reactance (symiol XC}, and Lecause it is cpposition to electrical current its
units sre ohms. lncieasing ihe capacitance nf the capaciter and/or the frequency of the a.c. supply decreases
the apposition ta the charging ans discharging vurrent.

As the reactions cesur cver one cysle or 2 © radians, the capacitive reactance of a capacitor is
calcuiated from the equation:-

X = ohms
C
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Where

Xc = capacitive reactance in ohms

f = frequency of the a.c. supply in hertz
c = capacitance in farads
Example 27.1

Calculate the capacitive reactance of a capacitor of 20 F that is connected to a 50 Hz supply.

cC = 20F N —
f = B0Hz ¢ 2rfC

- = 1
XC = 71

2 r x B0 x 20

1

0.000159 Q

As stated earlier a capacitor that has a capacitance in farads is difficult to produce. MHowever electro-
lytic capacitors are being evolved which are closing the gap between the microfarad and farad range. Using
the existing capacitors available the equation for capacitive reactance becomes:-

1
Xc = 27='fo10'6 ohms
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Where C is in microfarads

Example 27.2

A B0 uF capacitor is supplied from a 100 Hz source. Calculate its capacitive reactance.

c = souF 108
f = 100Hz SR
St 108
i ?!' Xe = 79 T3 = x 100 x 60
il
il - 3184
L 27.3 CAPACITIVE CURRENT
1

When a continuously changing voltage ofalternating current is applied to a capacitor, the capacitor

voltage will follow the same pattern, the voltage Ec being of the same waveform and magnitude as the supply
volts, (Figure 27.3}.
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Capacitive reactance opposes current flow, so the method of determining the current in this type
of circuit is the same as in other circuits.

For purely resistive a.c. circuits —

E
] = = amperes
R oTPe

For purely inductive a.c, circuits —

| = £ amperes
L

For purely capacitive a.c. Circuits —
o= —E—- amperes

c
Example 27.3

A capacitor of 50 microfarads is supplied from a 240 volt 50 hertz source. Calculate —

{a} the capacitive reactancc of the capacitor

(b} the current drawn from the supply by the capacitor

C = 50 #F 106
f = 50 Hz X = 2xfcC
Ll m
< onms T 2 x = x 50 x 50
{ = 7A
= 8374
] = E—
XC
. _ 240
63.7
= 377 A

Exampie 27.4

Connectmg a capacitor to a 240 volt 50 Hz supply causes a current of 2 amperes to be drawn from
the supply. Calculate the capacitance of the capacitor.

E = 240V x = _E
¢ |
| = 2A
. = 240
:; f = 50 Hz 2
c = ?xF = 1208
8
X, = 10
27 fC
8
c = 0
27f X,
. 108

2 ® x 50 x 120

= 265 uF
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27.4 RELATIONSHIP BETWEEN VOLTAGE AND CURRENT in a purely capacitive circuit.

As stated previously, when the voltage across a capacitor is a maximum the current in a cgpacitive
circuit is zero. This short circuiting effect of an uncharged capacitor causes the current in a capacitive a.c.
circuit to lead the voitage by 90 electrical degrees.  (Figure 27.4).
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As there is no electron movement through the capacitor there will be no power loss in the capacitor
during the charging and discharging cycles.

27.5 SUMMARY OF THE CURRENTS IN A PURELY RESISTIVE, INDUCTIVE AND CAPACITIVE
a.c. CIRCUIT

For comparison purposes the voitages and currents in an a.c. circuit containing only one component
are shown in figure 27.5,

Ina purely resistive circuit the current reaches its maximum value at the same time as the voltage.
The two waves are said to be 'in phase’ with each other.

fn a purely inductive circuit the current reaches its maximum 907 after the voltage reaches its
maximum. The current is said to lag the voltage by an angle of 90°.

Lastly, in a purely capacitive circuit the current leads the voltage by 90° (previous explanation),
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Equations in this chapter

_ E
(1) xc = -

_ 6
(2) XC = 10

2 fC

TUTORIALS 1.27

{1

(2]

{3}
14}

(5]

Calculata the capacitive reactance of s 154 F  capacitor that is connected to a 50 Hz supply.

The capacitive reactance of a capacitor 15 50 8 when it is supplied from a 50 Hz source.
Calculate the capacitance of the capacitor.

Calculate the current drawn froma 240 V 50 Hzsupply by a 75 4F capacitor.
A capacitor draws 5 amperes from a 240 V 50 Hz supply. Calculate its capacitance.

Calcuiate the frequency that would produce a capacitive reactance of 26  ina50 uF
capacitor. y
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